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In a speech in 1898 the president of the British Association
for the Advancement of Science, Sir Wiffiam Crooks, stated
that the area of virgin land that could be reclaimed for growing crops
was very small. He predicted a worldwide famine for the year 1930
unless chemical nitrogen fertilizers could be made by using nitrogen
from the air. (Russel, 1954; Baade, 1960). During World War I
• chemical nitrogen fertilizers were manufactured, and plant genetics
and plant breeding had produced new crop varieties. There was no
• worldwide famine in 1930, and now it is known that the acreage of land
suitable to be reclaimed is even larger than the acreage of land
• cultivated.
In 1923 Baker published an article on land utilization in the United
States. He believed that within a few years more agricultural products
would have to be imported than could be exported, because of the in-
creasing population, and he anticipated that food from tropical coun-
tries would come to American markets in increasing quantities.
These two examples demonstrate that it is difficult to predict the
future. It is wiser not to predict but instead to study the problem of
food production and find out how national and international policies
could be changed to prevent famine. This is what has been done in re-
cent years by some groups of scientists. It is well known that hunger
and malnutrition in the poor countries of the world is one of the most
important problems of today. The food problem is caused not only by
the exponential growth of the world population, but also by the simple




ed.Moreover the food problem is not a problem of the poor society
alone, it is also the problem of the rich societies, and it is our problem,
too, as we shall elaborate on later.
Without mentioning various authors who have tried to study the
possibilities of food production for specific countries or for the whole
world, attention will be given to recent studies and their results. An
important report was made by the President's Science Advisory Com-
mittee (PSAC) for the President of the United States in 1967 (PSAC,
1967). Based on knowledge of soil conditions and climate, an assess-
ment was made of land suitable for cultivation. PSAC stated that the
cultivable area is 1,406 million hectares (Mha) and the potential
cultivable area is 3,190 Mha (respectively 11 percent and 24 percent of
the total non-ice-covered land area of the world). Part of this land can
be cropped twice or three times annually. Some 400 Mha can be ir-
rigated; 200 Mha are already irrigated. The conclusion is that much
more food can be produced than is done at present. Revelle (1976), a
member of the PSAC, and Meadows (1975) estimate that some 50
biffion people could live on the earth.
Since the modern computer and a new scientific method—systems
analysis—became new tools for dealing with a complex system and a
large amount of information, world models dealing with the food pro-
blem have been developed. The first model by Meadows et al. (1972),
described in the famous book The Limits to Growth (the first report
for the Club of Rome), did not give hopeful results. With an increasing
population, more land is needed for nonagricultural purposes, and on
all land available more food has to be produced. It was expected that
by the year 2000 no new land for reclamation would be available if
trends continue as they did during the last decades. And if the produc-
tivity of the land would be quadrupled, this situation would be reached
before the year 2050.
The second study for the Club of Rome by Mesarovic and Pestel
(1974) was not too optimistic either. It has many mistakes on the
points of land suitability and possible crop production. The third
study, A Latin American World Model: Catastrophe or New Society?
(Herrara et al., 1976), had radically different and much more optimistic
results. It was argued that the major problems are not biological and
physical but sociopolitical. The work was performed at the Fundation
Bariloche in Buenos Aires.
The fourth world model, Model of International Relation in
Agriculture (MOIRA), made by a Dutch team guided by Professor Lin-
riemann, will be published shortly. The main parts are already
available (de Hoogh, 1976; Linnemann, 1977). As a member of this
group, I studied, together with some other specialists, the poten-
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tialities of all land, as well as the theoretical maximum food production
on this land, in order to have some idea of the ultimate possibilities of
the world food production (Buringh et al., 1975).
The results of this investigation indicate that the area of potential
land suitable for cultivation is 3,419 Mha (26.3 percent of the land sur-
face). This is almost the same as the result of the PSAC, although we
have used much more up-to-date information on soils, as the new soil
map of the world (FAO/Unesco, 197 1/77) became available. Taking in-
to account various physical limitations (soil conditions, climate,
photosynthesis, and so on), we found a theoretical upper limit of food
production of 40 times the present production, when this production is
expressed as grain equivalent. Approximately 65 percent of the
cultivated land is used for cereal crops; some 30 times the present
grain production could be produced on that land.
These results, like those mentioned here, should not be used without
studying in detail the original publications, because various assump-
tions have been made and limitations are indicated. Moreover it is
necessary to introduce various reduction factors to get realistic data.
The economists of the MOIRA group have used the data on available
land and productivity for other model studies to find out, for various
policies, if the world food problem can be solved by the time the
population has doubled, approximately the year 2010. The conclusion
is that this is hardly possible; food aid will still be necessary, poor
countries will have to try very hard to produce food for their respective
populations, and the rich countries will have to change policies
drastically.
The general conclusion of the PSAC, the Bariloche, and the MOIRA
studies is that economic, social, and particularly political conditions in
the world are limiting the production of food and not the availability of
cultivable land or the productivity of this land. It is not agriculture or
the present knowledge of agricultural technology that sets the limit
now and for a long time ahead. Reference is made to a series of in-
teresting articles in Scientific American, September 1976, in which, for
example, Wortman (1976), Revelle (1976), and Loomis (1976) state that
the situation about the world food problem is hopeful.
Clark and Cole (1976) have made a comparison of the four major
world models mentioned previously. From the point of view of food
production, an important difference in these studies is that Meadows
studied the world as one region, Mesarovic and Pestel divided the
world into 10 regions, the Bariloche group into 4 regions, and the
MOIRA group into 222 regions (for the economic studies in 116
regions). In the MOIRA study (Buringh et al., 1975), maps of all con-
tinents showing these 222 regions are presented, and all formulas,
data, and assumptions are given.
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• From these investigations it is easy to see that studying the world
food problem based on extensive information has just started. Much
more detailed work has to be done, methods have to be improved, and
more reliable information is badly needed. The reliability of global and
national data, at least of most countries, is rather weak. The reasons
for this have been published by Farmer in Hutchinson's Population
and Food Supply (1969). In the meantime some of the groups already
mentioned, as well as groups in Austria and Japan, are working on new
and improved world models in relation to the food problem.
Food Production Compared with Food Needed
The main food is grain (wheat, rice, and corn). The world grain crop
was 1,220million metric tonsin1975(U.S.Department of
Agriculture) and 1,270 million metric tons was the average for
1972-1975. If this could be equally distributed over the world popula-
tion, nobody would be hungry. But, because of the unequal production
and distribution of these cereals, millions of people are undernourished
or hungry, and thousands of them die each year. According to the
United Nations, 400 to 500 million people of the total world population
of 4 billion are hungry or undernourished. Poverty is the reason that the
hungry people cannot buy food. It is a problem of 10 million villages
with 2 billion inhabitants and of the people living in slums around big
cities.
In 1985 some 700 or 800 million people will be hungry. In the year
2010 the world population will be double, 8 biffion. Some specialists
believe that, from the year 2125 on, the world population will be cons-
tant, with 12 biffion persons, who will need five times the quantity of
food we produce at present (Koppejan, 1976).
Although some specialists state that the number of hungry people
estimated by the United Nations is too high (400 million—it should be
70 miffion), it is generally agreed that the world population wifi double
in 35 years' time. This means that at least two to three times more
food has to be produced by the year 2015.
In calculations, food has to be expressed in a comparable unit; for
example, in kilocalories per day per person, in kilograms protein per
day per person, in kilograms grain per year per person or in hectares
per person, or the acreage needed to produce food for a person. In the
last case a person's need for space to live and for the infrastructure has
to be calculated as well. As there is no consensus on the figures for
these units, the results of various calculations often are rather dif-
ferent, particularly when they are used on a global scale.
The production of food depends greatly on soil conditions, climate,
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Consequentlythere are not only important differences among the
various countries, but also—and even more important—regional dif-
ferences in food production. This is the reason that computations are
made for 222 regions in the MOIRA study, although even this study is
still rather crude.
Some countries produce much more grain than they need for their
own population. The United States, Canada, and Australia are the
main grain-exporting countries (exporting 96, 12, and 7 million tons
respectively in 1975/76). In the tropics, Thailand is the only country
exporting rice and corn. The total world trade in grain averages 115
million tons a year. The main importing countries are the USSR,
Western Europe, and Japan. The need of all importing countries is ex-
pected to increase annually by 30 million tons of cereal-grain (Brown,
1974). In 1968 there was a grain stock of 128 miffion tons. Because of
several reasons to be mentioned later, this stock was only 24 million
tons at the end of 1974.
For those countries where people are poor, only a small amount of
food can be bought; and, if there is a shortage in the rich countries or in
the centrally planned countries, cereal prices will increase rapidly and
the poor countries cannot buy. According to a 1974 United Nations'
report, the poor countries will need 85 million tons of grain annually
during the next eight years. Wortman (1976) estimates the deficit of
grain in 1985/86 at 100 million tons if trends of the last 15 years do not
change. These figures indicate the problem of today as well as
tomorrow.
The cultivated grain (mainly wheat, rice, and corn) provide 75 per-
cent of the energy and protein needs of man. These cereal crops are
grown on 65 percent of the cultivated land of the world. Not all land
that is cultivated provides a yield every year, because part of it is
fallow or is temporarily used for grazing. The cropping intensity of the
cultivated land in the world therefore is approximately 60 percent
(figures vary from 50 to 65 percent). The remaining part of the
cultivated land (35 percent) is used for growing root and tuber crops,
vegetables, fruits, and the like, and for nonfood crops.
Besides the 1,406 million hectares of cultivated land, there are cur-
rently 4,000 million hectares of grazing land. The animal production on
this grazing land contributes a very low portion (2 percent) of total
food production; consequently it is hardly necessary to take this into
account in global models. Livestock today is mainly raised on good
pasture land (part of cultivable land), or is fed with products of
cultivated land. The PSAC (1967) concludes that, in addition to the
3,200 million hectares of cultivated land, some 3,600 million hectares
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videonly a few grams of animal protein per person per day for the
estimated world population in the year 2000.
Food production of the sea can also be neglected in calculation on a
global scale, because it is only 1 percent of all food. Marine organisms
will never produce considerable amounts of food when compared with
production of food on land. Fresh water fishing is 12 percent of the
total world catch, and the total protein from fish is less than 2 percent
of the world protein production, even when the fish catch is considered
to be very high (Korringa, 1972).
Synthetic food is no solution for the world food problem (Wortman,
1976), nor is industrial food made from nonedible farm products. So on
a global scale food products from grazing land, oceans, fresh water,
and synthetic food can be overlooked in calculation. These products,
however, can be important for specific regions.
The conclusion is that cereal grains (65 percent of the cultivated
land, 75 percent of the food energy) are most important for mankind;
consequently more attention should be given to cereal crops.
Cereal-Grain Crops
The annual yield of a cereal crop may vary from 600 to over 20,000
kilograms per hectare. The low yield reflects the traditional farm
technology of almost two-thirds of the world's agriculture that is
characterized as subsistence farming, with simple farm management,
absence of chemical fertilizers, and therefore small energy subsidy and
low output.
The yields are mainly limited by the amount of nitrogen supplied by
nature. Such traditional farming has existed in Western Europe since
the Middle Ages, when the yield of cereals was an average 800
kilograms per hectare. From this the farmer needed 200 kilograms for
seed for the next year, 300 kilograms for beer and food for animals, and
the remaining 300 kilograms for food for the farmer's family (de Wit,
1973).
Later on the yields were increased by using a somewhat improved
traditional farming system (crop rotation, introduction of legumes,
fodder crops, and consequently production of more and better stable
manure). Yields of 1,500 and sometimes 2,000 kilograms per hectare
were obtained. The next step was a farming system improved still fur-
ther (better tools, some machines, some fertilizers, and so on), which
grdually became a rather modern and finally a modern system of farm-
ing based on scientific technology.
Now the average yield of wheat crops in a modern system of farm-
ing, as in the Netherlands, is over 5,000 kilograms per hectare, the
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modernsystem of farming, yields of 7,000 kilograms per hectare and
more can be obtained. The biological maximum yield (the photosyn-
thetic potential) of a wheat crop in the Netherlands is over 10,000
kilograms per hectare. This is an absolute maximum since it is assum-
ed that there are no limitations in nutrients and water supply, no pests
and disease, and no weeds; therefore, the solar radiation, and conse-
quently the photosynthesis of the crop, is the final limiting factor
(deWit, 1973).
The biological maximum depends on climatic conditions, which are
more favorable in the tropics than in more temperate zones. A rice
crop, for example, may produce almost 10 tons of padi; and when three
crops can be grown in one year, the yield per hectare increases to
26,000 kilograms (de Vries et a!., 1976; van Ittersum, 1971). However,
as the average yield of rice in the tropics is only approximately 2,000
kilograms per hectare padi, this indicates that a traditional system of
farming (including some irrigation) is the general farm practice. Ir-
rigated rice fields have a more natural supply of nitrogen, because of
blue algae, than nonirrigated fields,
For corn the average yield in traditional subsistence farming in the
tropicsis1,000 kilograms per hectare. When advanced farm
technology is applied in the tropics, an average yield of 7,000
kilograms per hectare is obtained (Young, 1976), whereas the max-
imum yield on an experimental field has been 20,000 kilograms per
hectare. The average corn yield in the world is approximately 2,100
kilograms per hectare, the average of the U.S. Midwest is over 6,000
kilograms per hectare, and the highest yield has been 17,000 kilograms
per hectare.
Similar examples can be given for many other crops. They simply
demonstrate the fact that in general most farming in the world is still
done in a very simple way based on traditional technology. Farming
techniques have remained almost unchanged for centuries. Farming is
mainly subsistence farming on small areas; 80 percent of the world's
farmers till an area smaller than 5 hectare! Modern farming is practic-
ed on a rather small scale. Agriculture in industrialized countries has
made great progress during the last decade. In the United States,
where farm technology recently is changing from semimodern to
modern, however, it is still of intermediate intensity (Loomis, 1976).
Although agriculture in the United States is highly mechanized, much
can be improved. The average yield of wheat and corn is respectively
2,200 and 4,000 kilograms per hectare. Examples of high yields on
some farms indicate that much higher averages are possible. The
biological maximum for a cereal crop is calculated at 11 to 18 tons per
hectare for the central part of the United States (Buringh, et al., 1975).
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Sometimesindividual farmers may get very high yields under
favorable conditions. On experimental fields yields may be one and a
half or two times the average farm yields. Ittersum (1971), who has
made calculations on rice yields, states that farmers who apply
modern farm technology will obtain 65 to 75 percent of the photosyn-
thetic maximum.
It is concluded, and this is not new, that most farmers in the world
can produce much more food on the land that is currently cultivated if
they apply better agricultural technology. It is unrealistic to compute
the world cereal-grain production for all cultivated or for all potentially
cultivable land on a basis of modern farm management applied by all
farmers or on a basis of the photosynthetic maximum production,
because the modernization of farming cannot be obtained in a few
years. Improvements in farming are made step by step.
Statistical data collected by FAO give an idea of food production
per hectare in the various countries. These data, however, are not very
accurate, at least for most countries. To get an idea of the present per-
formance of the world's farmers, as far as cereal-grain production is
concerned, an approximation has been made of the present production
classes and the acreage involved, taking care that the total production
is 1,270 million tons—the average 1972-1975 cereal production of the
world. This quantity is produced on 65 percent of all cultivated land
(1,406 million hectares). Consequently 914 million hectares are cereal
crops.
The world average maximum photosynthetic production on such an
area is 13,400 kilograms per hectare (Buringh et a!., 1975). If it is
assumed that 0.1 percent of the harvested land is yielding 50 percent
of the maximum yield (6,700 kilograms per hectare), the total produc-
tion of this land would be 67 million tons of cereal grains, which is 0.5
percent of the world total. This and a similar calculation for five more
groups is given in Table 7-1. If the world's agricultural technology is
somewhat improved so that half of the area in each group could go one
class up, the results would be a total production of 138 percent (see
Table 7-2). Both tables, although they are rough approximations, in-
dicate what the world production of cereal crops can be if agricultural
technology is somewhat improved all over the world for half the area of
each group.
Another possibility to increase the amount of food available in the
world is better storage. Specialists estimate storage losses of 10 to 40
percent. In the United States post-harvest losses are 10 percent (Wort-
man, 1976), whereas in most tropical countries they are 40 percent or
more. If these losses are limited to 20 percent, approximately 150
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Table 7.1.Estimated Production Classes and Their Average of Cereal-Crop





Percent Hectare Biol. Max. Kg/Ha Tons of Total
0.1 1 50 6,700 6.7 0.5
.4 4 40 5,400 21.6 1.7
2.5 23 30 4,000 92.0 7.3
17.5 160 20 2,700 432.0 34.4
35.7 326 10 1,300 423.8 33.7
400 5 700 280.0
100.0 914 1,256.1 100.0
Table 7-2.Estimated Production Classes and Their Average of Cereal-Crop





Percent Hectare Biol. Max. Kg/Ha Tons of Total
0.1 3 50 6,700 20.1 1.2
.4 14 40 5,400 75.6 4.4
2.5 91 30 4,000 364.0 21.0
17.5 243 20 2,700 656.1 38.0
35.7 363 10 1,300 471.9 27.3
43.8 200 5 700 140.0 8.1
100.0 914 1,727.7 100.0
The number of horses and mules in the United States was 25 million
in 1916 and 3 million in 1959 (Baker, 1960). This demonstrates how
much land that formerly was needed to feed these animals (in general
the yield of one hectare for one horse), has become available for human
food production because of mechanization. There are 350 million
farmers in the world, and there are only 10 million tractors. Maybe
here, too, is a key to increased food production, although not all land
producing food for animals is suitable for growing cereal or other
crops.
It is well known that much more fossil energy is needed for modern
agriculture than for traditional or improved agriculture. During recent
years various investigations have been carried out. Most traditional
farmers only use human labor or human labor and animal traction, and
I108Alternatives for Growth
havesimple tools. From the viewpoint of fossil-energy consumption,
traditional subsistence farming has a high overall efficiency because of
very small energy subsidy. In highly mechanized farms much fossil
energy is needed for chemical fertilizers (1 kilogram nitrogen fertilizer
is produced with 1.5 kilograms fossil energy) for fuel and for manüfac-
turing the farm machinery. In modern agriculture in industrialized
countries, about 5 to 7 percent of the total fossil-energy consumption
is used in agriculture. A similar percentage or more is needed for all ac-
tivities outside the farm until the bread or other food reaches the con-
sumer's table.
Solutions of the World Food Problem
Most agronomists and economists agree that more food can be pro-
duced by reclaiming more land, by intensifying farming, or by both.
Various proposals are based on: applying fertilizers; introduction of
high-yielding crop varieties; controlling weeds, diseases, and pests;
mechanization; more efficientirrigation; improvement of credit
facilities and infrastructure; education of farmers; and so on. In addi-
tion, more agricultural research and enlargement of the agricultural
extension services are necessary. It is also proposed that large-scale
plantation farming for food crops in poor countries be introduced.
Others prefer large-scale land reform or nationalization of land.
The food problem of the world is a complicated problem of produc-
tion, transportation, processing, marketing, and the like, a problem
with many agronomic, economic, social, and political aspects that are
difficult to solve. It would be, and sometimes is, considered a rather
simple problem, because it seems not so difficult and complicated to
produce more food, although conditions of climate, soils, and farm
technology are not favorable in some regions.
The main point is to improve the conditions of poor farmers, who
have to adapt their farm technology to make better use of the land-
production potentialities. This cannot, for example, be reached simply
by increasing prices of farm products, but it needs a completely new
approach in the fields of economy, sociology, and, in particular,
politics. It is easier to propose simple solutions than to take ap-
propriate measures. In this connection reference is made to interesting
articles by Mellor (1976), dealing with the situation in India, and by
Welihausen (1976) on agriculture in Mexico. In both countries the so-
called green revolution has improved the situation of landowners and
commercial farmers.
But production revolution has hardly improved the situation of the
small and poor farmers; the reverse has often been true. Many of them
even became landless farmers as a result of the green revolution. In
the developingcoi
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the developing countries 78 percent of the farmers have less than 5
hectares. Together they cultivate only 21 percent of the land. It is
more difficult to increase food production on this land than on that of
the larger holdings because small farmers cannot take risks.
Until a few years ago many influential persons believed that the
agronomists could not solve the food problem, because not enough
food could be produced and because the exponential growth of the
world population was the most important problem that had to be solv-
ed, particularly in the poor countries. Since the results of some recent
studies on potential cultivable land and on their productive capacity
are known, most people are convinced that the food problem is mainly
a social-economic-political one.
Even if people were to agree on methods, techniques, organization,
and finance to increase food production, and the work could be carried
out, it would take at least 25 years or more to reach the final goal of all
countries producing all the food they need. Building up larger food
reserves and increasing foreign aid for agricultural development in the
poor countries will be needed for many years to come.
LAND USE AND PRESERVATION OF
NATURAL ENVIRONMENT
Present Land Use
The total non-ice-covered land surface of the world is 13 billion hec-
tares, of which 1,406 million hectares (11 percent) is cultivated, 3,000
to 4,000 million hectares is grazing land, and 4,000 million hectares is
forest. The remainder is desert, tundra, mountainous, or rocky. At pre-
sent about 200 million (or 14 percent) of the cultivated land is ir-
rigated.It has already been mentioned that 65 percent of the
cultivated land is used to grow cereal crops that provide 75 percent of
the energy and protein needs of humanity. In addition 8 percent of the
energy needs is provided by root and tuber crops, 9 percent by sugar
crops, and 5 percent by peas, beans, nuts and oil seeds (Loomis, 1976).
Grazing land has an average carrying capacity of one animal unit
per 20 hectares (PSAC, 1967); the production is less than 5 kilogrms of
meat per hectare per year. Of the forested area, some 2,500 million hec-
tares is natural tropical forest. Less than 1 percent of the forest in the
tropics is plantation forest. The overall average wood production is
estimated at 4 m3 hectares per year. It is somewhat higher in the
tropical rainforest. Of all the timber cut in the world, 50 percent is used
for firewood. In the tropics even 80 percent of the annual cut is
firewood, because 90 percent of the population in the tropics relies on
firewood for domestic needs (IDRC, 1976).
-iT
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Thearea used for cultivating crops is increasing because grazing areas of potential!
and forest land is being reclaimed. These reclamations contribute more tial productivity.
to the annual growth of food production (2.5 percent) than intensifica- is given in Figure
tion of the cropping system. An estimated 0.5 to 1.0 percent of the
cultivated land is lost annually to nonagricultural land use (housing,
industry, transport, recreation, mining), that is increasing rapidly. Ap-
proximately 5 percent of the former cultivated land is already occupied
for nonagricultural purposes. The loss of rather good land to new hous-
ing schemes and roads is rapidly increasing in densely populated
regions. One has to bear in mind that within the last 30 years the
population has doubled. On West Java, whose land surface of 4.6
million hectares makes it one of the most densely populated regions of
the world, already 18 percent of its once cultivated land is now used for
nonagricultural purposes.
In most all countries of the world and in particular those in the
tropics and subtropics, large areas of cultivated land are damaged by
wind and water erosion, by salinization and sodication, and by deser-
tification. This misuse of land is approximately 500,000 hectares an-
nually, which is 10 hectares every minute (5 hectares erosion, 3 hec-
tares salinization, and 2 hectares desertification and degradation).
Some estimations made recently are higher and are probably exag-
gerated; for example, Dumont (1973) supposed that the loss of land
because of misuse is 38 hectares per minute, and Kovda (1973) found
100 hectares per minute. FAO is now undertaking an assessment of
soil degradation in the world.
Reference must be made to the effective loss of soil nutrients in ex-
ported agricultural products. Ferwerda (1970) mentioned, for example,
a loss of 4.6 million kilograms of K20 annually in Ecuador by export of
bananas, 2 million kilograms in Hawaii by export of pineapples, and 2
to 3 million kilograms by export of tea in Sri Lanka. The conclusion is
that the world in general is not taking good care of its land, which is
caused partly by too low prices for agricultural products. Techniques
to stop the misuse of various types of cultivated land are well known.
Land-use Potentials
Although it was already known from rough estimations that ap-
proximately as much land as is now cultivated is available for reclama-
tion, the first more profound study was made by the PSAC (1967) and Okm
thesecond by the MOIRA group (Buringh et al., 1975). The studies
were carried out in different ways, but the results are similar. The
MOIRA group has used recent and more detailed information on soils
and climate of the world, and therefore a differentiation in 222 regions
has been made. It is now known, at least roughly, where the various1
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Table 7-3.Classification of the Relative Importance of Potential Agricultural
Land in the Broad Soil Regions of South America
Class Importance
I Extremely high > 50
II Very high >45 -50
III High >40-45
IV Moderately high > 35 -40
V Medium > 30 -35
VI Moderately low > 25-30
VII Low >20-25
VIII Very low > 15 -20
IX Extremely low 15
Classes I up to IX indicate (in percentages of the areas concerned) the land area potentially
suitable for cultivation, expressed in equivalent land with potential production, including
irrigation.
The outcome of the studies is that the potential cultivable land sur-
face is 3,200 million and 3,400 million hectares, respectively (24 or 26
percent of the total land surface), which is approximately three times
the actual harvested area. Of the potentially cultivable land, some 400
million and 470 million hectares, respectively, are potentially irrigable.
The PSAC (1967) states that, in addition, there are 3,600 million
hectares available for grazing livestock. In various publications sum-
maries of the PSAC study are given; for example, Simonson (1967)
Kellog and Orvedal (1969), and Revelle (1973 and 1976). In the FAO
Indicative World Plan (1969), the reclamation of 97 million hectares
for the period 1970-1985 was foreseen. It seems that the annual in-
crease in food production (2.5 percent) is a bit more than the annual in-
crease of the population (1.9 percent), and is mainly the result of
cultivating land that was not cultivated before. A much smaller in-
crease is the result of improving farm technology.
The potential for increasing the cultivated land surface are largest
in Africa and Latin America and not in Australia, as suggested by
Mesarovic and Pestel (1974). Recent studies also have revealed that
there are still enormous potentials in Southeast Asia that contradict
what was generally believed earlier. Van Liere (1977) refers to develop-
ment studies of the MeKong River basin, which has a food-production
potential comparable to the present food production of North America.
It is my impression that more detailed regional studies, already made
in some countries, will reveal that even more potentially cultivable
land is available than indicated before.
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thosecharacterized by old, deeply weathered soils—are not suitable for
cultivation. Fortunately specialists of tropical agriculture and tropical
soil science have a different opinion, which is supported by results of
recent experiments and research.
There are almost 80 small countries with a population of less than 5
million people; 30 of these have even less than 1 million people. Some
economists believe that it will be difficult for those countries to extend
the area of cultivated land. This is not true, in general, because it
depends mainly on how much land is potentially cultivable in each
country. Surinam for example (350,000 people) has the potential for
several million people as far as food production is concerned (Buringh,
1977).
During recent years the potentials of some countries have been
studied, particularly of Australia (Gifford et al., 1975; Nix, 1976) and
of Canada (Nowland, 1975a and b) in order to have a basis for immigra-
tion policies. Such studies are important from the viewpoint of results
and also for the methodology used. In Australia the area of potentially
cultivable land seems to be much smaller than was expected in the
American and Dutch studies. It is interesting to learn that Gifford et
a!. (1975) conclude that, on a low level of existence, Australia can sup-
port a population of 200 million people, whereas it can support only 22
million people if Australia wants to continue to export 65 percent of its
food production and the population wants a high standard of living
(present population in Australia: 13 million). Such an example is in-
structive, because several kinds of calculations are made to get a rough
indication of how many people could live on the earth. Sometimes this
number is stated as 40, 50, or even 80 billion people. Such calculations
are confusing and unrealistic, not only because they are based on poor
information, but also, even more, because it should indicate which
standard of living will be provided. There is, moreover, no need for
such predictions.
Land Reclamation
It seems that in most countries reclamation projects, and therefore
an increase of the cultivated area, often are preferred to improvement
and intensified use of present agricultural land. Unfortunately many
reclamation projects in poor countries have not had the good results
that were calculated or predicted. Some projects are complete failures,
although often this fact is not published. One such exception is the De-
jaila project in Iraq (El Hakim, 1973). Irregular and often unofficial
settlement of private farmers along newly constructed roads in
tropical forest areas sometimes are a success; however, a failure is
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Large-scale projects carried out during the last decades in Central
Asia by the Soviet Union Breznev, 1974) also have failed to a great ex-
tent, because of the great climatological risks. The consequences of
low wheat yields in 1972 and again in 1975 are well known, not only in
the United States but also all over the world, particularly in the poor
countries, which did not have enough money to pay the high wheat
prices as a consequence of the Soviet Union's import of American
wheat. In the United States this has led to higher food prices, followed
by a sharply increased value of land, intensification of cropping,
cultivation of former pasture and forest, and to large reclamation pro-
jects in the Amazon basin in Brazil, mainly by private American per-
Sons and firms (Eckholm, 1976; Time, 15 November 1976). Gruhl
(1975) reports that in the Amazon region 36 million hectares of natural
forest is to be cut down. A few years ago it became clear that
food—particularly wheat and corn—might become a major political
weapon considered more important than oil.
A food war has already been going on since 1972, and earth
satellites of NASA and CIA are the most important tools. Food in-
telligence has become a new field of research. It studies actual land
use, monitors all changes in land use, and provides monthly predic-
tions of food production of all major countries in the world (Mac-
Donald, 1976).
Protection of the Natural Environment
The natural ecosystem in many parts of the world is destroyed
because of human activities. Since the population grows so rapidly, it
is possible that the remaining natural regions in the world will be
destroyed in the near future. This can be a catastrophe for various
reasons. Some ecologists are not content with publications that in-
dicate a large available land surface of potentially cultivable land,
because they are afraid all this land will be cultivated soon. This fear,
however, is no reason why people should not know facts. In the
MOIRA study not all cultivable land of the regions is used in the com-
putation; some 10 to 20 percent, sometimes even 50 percent (Amazon
basin) of it not used for agriculture is assumed being used for wildlife,
recreation, and so on.
The expanding agricultural and nonagricultural land use and the
misuse of land are real problems. All means to prevent misuse of land
are available; they only have to be put into effect. But this costs
money. It would be wise to locate new housing and industrial schemes
on poor or nonagricultural land. Moreover, the policy of most countries
can be changed to intensifying agriculture on the currently cultivated
land in order to produce more food. The possibilities for this will be
discussed in more detail in the following section.
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In addition, the grazing land can be considerably improved. Grass
production of two to five and even more times the present production
is possible. In the forests, particularly in the tropics, much more
timber can be produced if wood collection and timber robbery of the
natural tropical forests is stopped and if plantation forestry is practic-
ed. In doing this, reclamation of new land can be limited, the area of
grazing land can be much smaller than it is at present, and very large
areas of natural forest can be reserved. If this is done, then there are
regions large enough to conserve flora and fauna species. No doubt
there is a real solution; however, better care must be taken of all types
of land. All these activities will cost research, personnel, practical
political solution, management, and investments, and therefore a
greater part of the consumable income of people in the rich countries
must be spent on food and nature care.
If there could be an agreement on future main types of land use, as
proposed tentatively in Table 7-4, agriculture (including some 500
million hectares of plantation forest for timber and firewood produc-
tion) would need only 3 billion hectares; whereas 5 billion hectares are
available as nature reserve, not counting the 4 billion hectares of land
with a very cold or very dry climate.
It is supposed that pollution of the environment is under control and
misuse of land has stopped. If the world population will increase to
some 12 billion people in about 150 years, and from then on remain
almost constant, the population will be three times larger than the pre-
sent population. The food requirement is estimated at five times more
than at present. Psomopoulos (1976) states that 22 billion people can
live on the globe in a "high quality environment."
Although it seems rather unrealistic to make this kind of far-ahead
global view, we know that the situation is not hopeless. There is still
Table7-4. A Rough Scheme of Land Use (millions of hectares)




























I 3,(100116Alternatives for Growth
enoughland for food production, and the environment can be pro-
tected. However, on a regional basis physical limitations can be
serious and pollution and stress on the environment do occur, because
population is concentrated in specific areas. It therefore is necessary
that ecologists join groups of specialists who study land-use problems.
If intensified cropping on the existing cultivated land is given priority
over reclaiming noncultivated land, the problems of nature protection
probably could be solved in most countries. It is concluded that pre-
sent land use can be considerably improved. Reclamation of new land
must be limited, and much more attention be given to nature reserves
to keep good conditions for present use.
FOOD PRODUCTION POTENTIALS
As stated before, it is possible to increase crop production by intensi-
fying the cropping system. References have already been made to the
very low level of food production in many countries, especially in the
poor ones. It is not new to mention that crop production could be three,
five, or even tenfold the present production, because this has been
shown by many agronomists.
On a global scale a rather detailed computation has been made for
the MOIRA study. For each of the 222 regions of the world indicated
on small-scale maps of the continents, a computation has been made of
what is called "the absolute maximum production" expressed in grain
equivalents (tons of cereal grain). Maybe the term "maximum
photosynthetic production of grain" is better.
In each region soil and climate conditions and possibilities for irriga-
tion are studied in relation to land use, natural vegetation, and
topography. It is supposed that shortage of nutrients is corrected by
adding fertilizers. Then for each region a soil-reduction factor is deter-
mined, because most soils do not have such properties to get optimal
yields. The various data on climate indicate the length of the growing
season, the energy available, the quantity of water available for plant
growth, and so on. If sOil-water conditions are not optimal, a reduction
factor for water deficiency is calculated. The various climatic data also
assist in calculating the production of crop dry matter. In Figure 7-2
an example of one of the continents (Latin America) is given. The
classes are explained in Table 7-5. In addition the data of the various
regions are indicated in Table 7-6. Table 7-7 gives the total for seven
continents.
The final result is that the maximum photosynthetic production of
cereal grain (on 65 percent of the potential cultivable land) is 32.4
billion tons, or approximately 30 times the present world cereal-grain
1100 km
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production. The computations of the MOIRA group are made on the
basis of cereal grains. If they had been made for root and tuber crops,
the photosynthetic maximum production is even higher.
A possible world production of 11.4 biffion tons of food grain was
calculated by the PSAC study (Revelle, 1976), assuming yields as oc-118Alternatives for Growth
Table 7-5.Land Productivity Classes for the Potential Agricultural Land
Class Land Productivity
I Extremely high > 25
11 Very high > 20-25
111 High > 15 -20
IV Medium > 10-15
V Low > 5-10
VI Very low 5
Classes I up to VI indicate the computed maximum photosynthetic production of grain
equivalents in 1,000 kilograms per hectare.
curinU.S. Midwest, and for lower quality soils, half of such a yield.
This is nine times the present food production. In soil-survey and land-
classification reports of parts of various countries, figures on possible
crop productions are given. In those reports the present production is
compared with yields obtained on experimental farms, which often are
two or three times higher. The conclusion of all these studies is that
almost everywhere, but in particular in countries in the tropics and
subtropics, food production can be trebled or quadrupled.
In Thailand (van Liere, 1977) the average one-crop rice (path) yield is
almost 2,000 kilograms per hectare, whereas the yield on experimental
farms is 6,000 kilograms per hectare. For corn it is 2,200 and 8,500
kilograms per hectare, respectively; and for soya 1,000 and 3,500
kilograms per hectare. In Indonesia (Ismunadji, 1973), where the
average one-crop rice yields slightly more than 1,000 kilograms per
hectare, the yield can be increased to 3,000 to 4,500 kilograms per hec-
tare without fertilizers, and to 5,000 to 8,500 kilograms per hectare
with fertilizers on the major soil types of Java. Hopper (1976)
describes stages in development of farm management in Japan where
average rice yields increased from 1,000 to 2,500 to 4,000 and now to
6,000 kilograms per hectare, and a yield of 8,000 kilograms per hectare
is expected in the near future. Breadfield (1972) has given interesting
examples on maximizing food production through multiple cropping
systems in the tropics. A system of intercropping yielding 5,000 U.s.
dollars per hectare was obtained on a two-hectare farm.
The yield of Cassava, actually less than 10 tons per hectare, can be
increased up to 50 tons (Jennings, 1976); on modern farms 20 to 40
tons per hectare is a normal yield. In Western Europe the average
wheat yield is 2,500 kilograms per hectare, whereas the production on
experimental farms is 8,000 kilograms and the photosynthetic max-
imum is at least 10,000 kilograms per hectare.
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improvedfarming yields 4,000 to 5,000 kilograms per hectare, and the
maximum on experimental fields is 10,030 kilograms per hectare.
Hedrick Smith, in his The Russians, revealed that 27 percent of the
total value of Soviet farm output comes from small private plots that
occupy less than 1 percent of all agricultural land in the USSR.
In the tropics and subtropics, fields around villages produce much
more than other fields, because these fields get much more organic
manure and compost. In Mexico (Welihausen, 1976) the average yield
of wheat increased from 700 (1950) to 3,200 (1970) to 3,600 (1975)
kilograms per hectare. Some farmers already produce 6,000 kilograms
per hectare, and at experimental stations yields are as high as 10,000
kilograms per hectare. Reference is also made to the well-known
achievements of the farmers in Israel, where farm output has risen
some eightfold in the past 25 years (Hopper, 1976). Intensive farming
also can be observed in the Nile delta in Egypt.
More examples are given on world crop productions in literature and
in reports of agricultural experimental stations. It turns out that most
yields obtained at a traditional level of farm management are 10 to 20
percent of yields obtained when advanced technology is applied. The
best farmers can get 65 to 75 percent of the maximum photosynthetic
production.
To get a better general idea of crop yields under various manage-
ment practices, a crop-performance index (CPI) is introduced. It refers
to the fraction of maximum photosynthetic production that is
obtained under prevailing conditions and farm management. It is a
fraction of the yield and is not related to cost, labor, and other
economic factors. Table 7-8 indicates the crop-performance indexes.
Each figure is the center of a class; for example, a 0.3 index reflects the
class between 0.25 to 0.34. This index is independent from soil condi-
tions, because each soil will have its specific photosynthetic maximum
yield, when a reduction factor for soil and water deficiencies is in-
troduced in the theoretical photosynthetic potential for a specific crop
in a region with a well-defined climate. The CPI are applied in some
general calculations on a global basis in order to get at least an idea of
possible food production.
If 65 percent of all potentially cultivable land (3,419 million hec-
tares) is used for cereal-crop production, with a cropping intensity of
• 70 percent, some 1,500 million hectares could be harvested. If half of
this area has a CPI equal to 0.1 and the other half a CPI equal to 0.2,
which means a low-level farming using no fertilizers and applying
human labor and some animal traction, the world cereal-grain produc-
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Table 7-7.Totals of the Continents and the World
A PAL PJAL MPGE
S. America 1,780 616.5 17.9 11,106
Australia 860 225.7 5.3 2,358
Africa 3,030 761.2 19.7 10,845
Asia 4,390 1,083.4 314.1 14,281
N. America 2,420 628.6 37.1 7,072
Europe 1,050 398.7 75.9 4,168
Antarctica 1,310 0 0 0
Total 14,840 3,714.1 470.0 49,830
A =area(million hectares).
PAL =areaof potential agricultural land (million hectares).
PIAL =areaof potentially irrigable land (million hectares).
MPGE =maximumproduction of grain equivalents (million tons per year).
Table 7-8.Crop Performance Indexes
Index Name
0.1 Minimum crop performance
0.2 Very low crop performance
0.3 Low crop performance
0.4 Medium crop performance
0.5 High crop performance
0.6 Very high crop performance
0.7 Maximum crop performance
1.0 Photo synthetic maximum yield
Index 0.1istypical for traditional farming; 0.2 and 0.3 for somewhat improved and
improved farming; 0.4 and 0.5 for semimodern and modern farming; 0.6 for very modern
farming; and 0.7 and more for optimal farming.
The conclusion is that enough food grains could be produced using
very little fossil energy, that is, traditional subsistence farming were
still applied. However, large areas of land would have been misused
and damaged. The total yield would be much lower than calculated and
the natural environment would have been seriously damaged.
This example demonstrates that the advances made in modern
agriculture generally have not seriously disturbed the environment; on
the contrary, large areas with natural vegetation still exist because of
modern techniques. The natural environment can be better protected
by introducing appropriate modern techniques than without them (see
the section "Protecting the Natural Environment," above). Another
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_____________
area(1,406 million hectares) is used for cereal crops, with a 70 percent
MPGE crop intensity (640 miffion hectares harvested) and CPI equal to 0.4,
9 11,106 theproduction then is 3,400 million tons. Here it is assumed that
3 2,358 agriculture is on a rather (although not very) modern level, and still
10,845 more than 2.5 times the present world cereal production would have
1 14,281 been obtained.
1 7,072 Calculations presented here are purely theoretical. They can be
9 4,168 made somewhat more realistic if applied to the various regions or
o
_____
countriesof the world. In this section real figures on crop yields have
o 49 830 been given, too. These figures clearly demonstrate the low level of
— , farmingin many countries in the world, especially in the tropics.
Therefore, the conclusion is that food production in the world can be
considerably increased, and there is no reason to believe that a double,
triple, or quadruple production of human food is not possible. No in-
dication has been given as to the costs; it is clear, however, that fac-
tories to manufacture fertilizers, chemicals, and machines have to be
built, roads have to be constructed, and so on. Since so much money is
spent for military purposes, one hardly can imagine that no money
rrne
couldbe found to produce food for every human being in the world.
performance People eat first to live; then they can start defending their freedom.
performance One only can conclude that there will not be enough competent
ormance agronomists, extension workers, and soil-water and land-reclamation
erformance specialists to perform the job.
ormance It is also stated that enough food can be produced on a rather low
performance level of farm management. The consequence might be that various
performance governments will decide not to change their agricultural policy, and
c maximum yield then misuse of land will increase even on an accelerated scale, soil fer-
ewhat improved and tility will decrease, and soil degradation will continue. Indeed, the
0.6 for very modern world can continue with robbery of the natural resources, particularly
of potentially cultivable land and of natural vegetation. Such a policy
would be a big mistake.
produced using The philosophy behind all work to be carried out in the near future is
ce farming were that improvement of agriculture, and especially in management, in
re been misused large parts of the world is necessary to produce some food. These im-
n calculated and provements should be made step by step. This is also propagated by
amaged. Papadakis(1975),Schuman (1973),andothers,who indicate
iade in modern possibilities of low-cost techniques and intermediate technology,
environment; on because the poor countries must actively encourage their agricultural
exist because of development in order to become almost independent of food import.
better protected Several economists and agronomists have already studied the food-
ithout them (see shortage problem. It is technically not very difficult to raise low crop
above). Another performance indexes by 0.1 or 0.2 points. Many regions at this
esent cultivated moment have no direct need for introducing high-yielding varieties,
I124Alternatives for Growth
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applying large quantities of fertilizers, making new irrigation schemes,
or the like. Maybe in some regions more advanced farm technology can
be introduced. This is not the general opinion of most authors who
have published information on the food problem. The main point,
however, is that development of agriculture should start from the ex-
isting economic and social position of the farmers. These farmers are
poor people, they are not in a hurry, and they can only be made aware
of better economic possibilities after a long process of change.
Therefore, it is important to strengthen local research institutes, ex-
tension services, education and rural development centers. Perhaps




It has already been proved that land for growing food crops is not a
constraint. Cost of agricultural development has been discussed, and it
is concluded that enough money can be made available if the govern-
ments do have the political will and take appropriate action. As far as
reclamation costs are concerned, the MOIRA group has classified each
of the 222 regions into one of the five reclamation cost classes. A sum-
mary is presented in Table 7-9, from which it can be concluded where
land can be reclaimed at the lowest costs.
As has been mentioned, energy used for food production is approx-
Table7-9.Potential Yield Classes and Development Costs (million hectares)
Potential Yield
Development Cost Categories
1 2 3 4 5
(metric tons//ia) Low Intermediate High Total





— — 40 37
— 56 313 160
93 35 275_j271











VI. Very low (5) — — l63 139 49 11 362
Total 294 815 1,282 709 357 3457
Soil regions that are either attractive because nt low esi mi sled development costs. because it
high potential yields, or because more luau medium yields can be obtained at not more than
average cost, are locatedabovethe broken line. These regions conu prise1.536 million
beets res,4IPercentofota Ipotential agricti Ito ral land11w neat ion ntt hose soils, by
geographic areas,isshownin'I'ahle 7-3.
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imately 5 to 7 percent of the total fossil energy consumption in an in-
dustrialized country. It can be no problem. The total energy problem is
not discussed. Most energy is needed for fertilizer production, in par-
ticular for nitrogen-fixing. Various estimates have already been made
on the availability of phosphate (P) and potassium (K). According to
Gruhi (1975), there is a reserve of both minerals for at least 400 years if
the annual consumption is 30 million and 20 million tons, respectively,
per year. Even longer periods are mentioned by de Wit and
van Heemst (1977). Schuffelen (1965) stated that 16 kilograms NPK-
fertilizers are needed to produce food for one person for one year.
FAO (Dudal, 1969) estimates fertilizers used for 1962 at 2.6 million
tons and for 1985 at 31.2 million tons. Wortman (1976) mentions 80
tons of chemical fertilizers used in 1976, half of it in synthetic fixed
nitrogen. Almost 160 million tons will be needed in the year 2000
(Revelle, 1976). These are just a few examples. Estimates vary widely,
depending on how and where agricultural development has to be per-
formed.
Finally, in many countries the availability of water will become a
factor limiting irrigated agriculture. Therefore, the increase of irriga-
tion efficiency should have high priority. On the other hand farmers
have to learn to make as good use as possible of rainfall. Water conser-
vation, also at present on a small scale, is extremely important in
regions with a long dry season. In such regions in the tropics poverty
is extreme.
Firewood will be short within a few decades. Eckhol (1976) made
clear statements on the importance of firewood for populations in the
tropics. Very often there are no roads to bring fossil fuel, and poor peo-
ple do not have money to buy it. Foresters should pay more attention
to firewood production and should also prevent people from damaging
natural forests. A good example can be seen on Java, where agro-
sylviculture in combination with firewood production (Caleandra) has
been practiced for many years. Health constraints—for example, river
blindness in Africa—probably can be solved in the near future, and
consequently some large river valleys, which up till now have not been
used, can be cultivated.
Economic, Social, and Political Constraints
From the foregoing it is clear that economic, social, and especially
political constraints are considered to be the most important aspects
in discussing world food production, food shortage, malnutrition, and
hunger. This conclusion is the result of various studies, particularly
the PSAC, the MOIRA, and Bareloch group studies. The economic
part of the MOIRA study (de Hoogh, 1976; Linnemann, ed., 1977) is126Alternatives for Growth
interesting,but will not be dealt with here. Reference is also made to
the books by Brown (1974), Eckholm (1976), Dumont (1973), and
Schumacher (1973); the articles in Scientific American (September
1976); and various other publications on such subjects as marketing,
cooperation, credit, extension, infrastructure, price politics, land
value, land ownership, risk, farm management, and so on. These and
other factors often limit food production. Locally, regionally, and na-
tionally, the conditions are different; thus it hardly is possible to
discuss such problems in general. Most authors therefore, give ex-
amples.
What has been saidfor economic constraints alsofitsfor
sociological factors, such as the attitude of the farmers, the situation
of the farmer's family, education, organization, customs, religion, the
contrasts between rural and city families and between the poor and
rich part of the population. Some of these factors are also discussed in
the literature cited in this paper and in the book by Hutchinson (1969).
It seems too difficult to introduce social factors in computerized
models.
Almost all constraints have political aspects and can only be solved
if governments take the right measures; for this it is almost impossible
to give general guidelines, although many recommendations have been
formulatedinvariousnationaland internationalconferences.
Sometimes it seems almost impossible to find a solution because of the
complex character of the problem. Unfortunately several people, who
do not have responsibilities, think that only a few problems have to be
solved to get an almost ideal situation. It is easy to blame govern-
ments of poor countries for not doing enough, or for not making the
correct decisions, but it is very difficult to govern an underdeveloped
poor country. In fact it probably is more difficult than to reign over a
rich country, where organization is better, where large numbers of
competent officers and specialists are available, where risks can be
taken, and where the checking on observance of laws is better than in
many poor countries.
It is no wonder that some authors refer to centrally directed and
planned countries of Eastern Europe or China, where some problems
are solved in a way that might be imitable by other countries. Whether
the Chinese experience of transforming traditional farming is ap-
plicable in other countries is a debatable question. It is, however, clear
from all studies that rich countries have an extremely high respon-
sibility because they have to help unselfishly.
Political constraints are apparently the most important. Often it is
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action is taken. Most political leaders generally have a short time
horizon, and the food problem can only be solved in the long run. It
therefore seems that an important constraint on the world food pro-
blem is the attitude that the rich countries have assumed toward the
poor countries. It is everybody's responsibility to try to alter this at-
titude. This can be done in private discussions, meetings, conferences,
and by going to the polls to vote.
Since the population is increasing so rapidly in many countries,
unemployment will increase, too, because in modern advanced farms
20 to 40 man-hours are required to produce 1,000 kilograms of grain,
against 1,200 man-hours in simple African farms (Allan, in Hutchin-
son, ed., 1969). Improving agriculture finally leads to fewer jobs.
Breakthroughs
In the various computations made, the basis has been the present
known and applied technology.It has been pointed out that
breakthroughs are not expected to solve the global problem of food,
especially for poor countries, except where there is a possible
breakthrough in political attitudes. Some scientists state that a new
political will to deal with agricultural development is emerging (Wort-
man, 1976).
It seems possible that new technological discoveries will become
available with the result that more food can be produced in the rich
countries. For example, if crops could be grown that make a more effi-
cient use of solar radiation, or that have a somewhat longer growing
season, or that could fix nitrogen as do legumes, food production could
be increased. Genetic and plant physiological research is being done in
these fields. The number of food crops is rather small; probably some
new food crops could be developed from wild species.
Soil heating in rather cold regions with a very short growing season,
diversion of the course of rivers, as planned for some Siberial rivers in
the USSR, improving irrigation efficiency, desalinization of sea water
and of brackish drainage water, and similar technical measures also
can have a great impact on future food production. Whether there will
be a change in overall climate or whether local climate can be influenc-
ed by man in the future is not definitely known.
Research in many fields is going on also on the productions of un-
conventional foods. The results cannot be predicted. Unfortunately
not enough research is carried out on the actual problem of increasing
food production in countries in the tropics, although during the last
decade a small number of important international research institutes
are working hard on this problem and attaining much success.128Alternatives for Growth
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Imust enthusiastically conimend Professor Buringh for his
very interesting paper. We are most fortunate that Pro-
fessor Buringh was a member of the Dutch team that
developed the fourth world model—Model of International Relation in
Agriculture (MOIRA)—and that he has shared some of its findings
with us. Dividing the world's land area into 222 regions and studying
each individually seems to me to be an excellent approach to studying
the world food problem. I appreciate Professor Buringh's frankness in
emphasizing the weakness in the reliability of the data on which their
study had to be based. I agree that much work is needed, but I think
they have made a good start and for that I am grateful.
I like the optimism in his report. I am pleased that both the PSAC
and the MO IRA studies agree "that economic, social and in particular,
political conditions in the world are limiting food production and not
the availability of cultivatable land or its productivity." I suppose
those of us in agricultural research could conclude from this statement
that we have done our part in feeding the hungry world. We could sit
back and say "Let George do it," but I don't think we should.
It is good to know that the world has twice as much cultivatable
land as it now cultivates. However, I believe Professor Buringh would
agree that we are already cultivating the better half. I spent a month
in South America last fall looking at some of this "cultivatable land."
It had a pH of 4 or less, a high level of aluminum toxicity, deficiencies
in several nutrients essential for crop production, and most of it was
highly erodable.
I wonder what you thought when you heard Professor Buringh state
that the theoretical "upper limit of food production is 30 times the pre-
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sentproduction when theproductionisexpressedasgrain cent more prot
equivalent"? Did you think, "Great, we've got nothing to worry about baking qualitie
for a long time"? I hope you kept on listening as he explained some of varieties grown
the assumptions on which this estimate is based. I shall not dwell Ofl moreprotein p
his "reduction factors in order to get realistic" data, but I will remind ter way to solv
you that the economists in the MOIRA group concluded that solving i agree that
the world food problem by 2010 is "hardly possible." few years." It i
It is good to be reminded that if "the 1,270 million metric tons of 213,000 ha of
grain would be equally distributed over the world, nobody would be averaged 800 k
hungry." I would like to add that if it were equally distributed, no one Scierotium ml
would eat as well as you and I eat today. outstanding yc
When our American Plant Studies Delegation was traveling in the specialist for p
People's Republic of China in September 1974, we learned that the to change am
average Chinese diet was 78 percent cereals, potatoes, and other star- educational toc
chy foods. About 8 percent of their diet was meat, eggs, and milk, and each peanut cc
only 12 percent of their diet could be the other things that add zest to research, extex
our eating. The diet of the average American consists of 23 percent McGill served
cereals, 35 percent meat, eggs, and milk, and 37 percent other things. Georgia. His e:
No wonder we eat too much. The Chinese caloric intake averages only fidence, which
about two-thirds that of the American, yet the thousands of Chinese coming from r
that we saw showed no evidence of malnutrition. Neither did we see yields in Geor
any fat people. The Chinese people are smaller than Americans and do important, it
not need as many calories. Many of us would enjoy better health if we itself.
ate less. How many o
Eating is one of our greatest pleasures, and as our economic status most tropical
improves, diet is modified to include more meat, milk, eggs, and other States, these Ic
foods. It takes more land to feed a person with these foods than it does the world can i
witha cereal diet. As the poor in the world improve their economic lot, I was glad t
they wifi demand more of the world's land to produce their improved the world. At
diets. University las
In emphasizing the importance of the cereal grains, Dr. Buringh California at D
states: "The cultivated grains (mainly wheat, rice, and corn) provide power for agri
75 percent of the energy and protein needs of man." I hope we can say world as a who
this one day, but I don't believe we can today. The cereals do supply world were to
about 75 percent of humanity's energy., but only about half its protein. United States
Most of the cereals are deficient in protein content and one or more of years. In Chin
the essential amino acids. Thus millions of people restricted to a cereal square foot of
diet suffer from malnutrition associated with protein deficiencies. One energy for dra
major objective of the cereal breeders today is to increase the quantity the fields, the
and quality of the protein in the cereal with which they work. The things by the
potential of such research can be found in the Lancota variety of hard Anyone whc
red winter wheat recently released in Nebraska. Culminating 20 years cows is the fue
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s 10 to 20 per-
cent more protein with the yield, disease resistance, and milling and
baking qualities of leading varieties in Nebraska. Replacing other
varieties grown in Nebraska with Lancota would produce 45 million kg
more protein per year at no extra cost. I can think of no cheaper or bet-
ter way to solve the world's protein problem.
I agree that "the modernization of farming cannot be obtained in a
few years." It took 25 years to increase by 4.6 times peanut yields on
213,000 ha of land in Georgia. For years before 1950, yields had
averaged 800 kg/ha. Then research learned how to control late blight
Scierotium rolfsii Sacc. and use herbicides to control weeds. An
outstanding young county agent, J. Frank McGill, became extension
specialist for peanuts in 1954 and set about to overcome the resistance
to change among Georgia's peanut farmer. Using many different
educational tools, including outstanding peanut production schools in
each peanut county every year, and by enlisting the cooperation of
research, extension, teaching, government, industry, and growers,
McGill served as the catalyst for improving peanut production in
Georgia. His expertise and untiring efforts earned the grower's con-
fidence, which led to rapid adoption of constraint-removing practices
coming from research. The combined effort increased average peanut
yields in Georgia from 800 to 3,700 kg/ha in 25 years. Perhaps more
important, it demonstrated what the world must do if it is to feed
itself.
How many of you realized before today that "post-harvest losses in
most tropical countries are 40 percent or more"? Even in the United
States, these losses amount to 10 percent of the food produced. Surely
the world can and must do something to reduce these losses.
I was glad that Dr. Buringh considered the role of muscle power in
the world. At the Human Survival Seminar at North Carolina State
University last month, Dr. Calvin Schwabe from the University of
California at Davis told us that animals provide 98 percent of the draft
power for agriculture in India, China, Korea, and Indochina. For the
world as a whole, the value drops to 85 percent. He also said that if the
world were to use petroleum energy in agriculture as farmers in the
United States do, its known petroleum reserves would last only 13
years. In China, weeds pulled from crop fields, grass cut from every
square foot of land not cropped, and crop residues supply most of the
energy for draft animals. When these animals can no longer work in
the fields, they are slaughtered to make food, shoes, and a host of
things by the population.
Anyone who has traveled in India knows that dung from the sacred
cows is the fuel used to cook the food for half the people in that coun-
try. Dr. Schwabe told us that the fuel energy supplied by the sacredI
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cow of India exceeded the draft energy that it produces. These animals
consume crop residues, weeds, and sparse vegetation from land not
suited to crop production and thus compete very little with the
population.
In the People's Republic of China, I took a picture of a solar cooker
that could cook 3 pounds of rice in 40 minutes. Back home, I made a
simpler model that could be built by almost anyone for less than $10.
As I shared the plans for this simple solar cooker with H.D. Johns, our
agricultural missionary in Vikarabad, India, I asked, "How much
more food could India produce if she used solar cookers to cook her
food on sunny days and used the dung saved to fertilize her crops?"
Professor Buringh indicated that "50 percent of the timber cut in
the world is used for firewood"—and in the tropics 80 percent of the
annual cut is firewood. How much forest land now producing firewood
could be used for food production if humans used solar energy to cook
most of their food?
I am concerned that 0.5 to 1.0 percent of the world's cultivated land
is lost annually because of nonagricultural land use. It is sobering to
realize that another half million ha of cropland is being misused. I
wonder how much longer the world can let me do as I please with the
land that 1 own.
The FAO Indicative World Plan caused Professor Buringh to con-
clude that most of the annual increase in food production in the world
results from cultivating land not cultivated before, and that a much
smaller increase is the result of improving farm technology. I find this
hard to believe and want to share with you information in the Foreign
Agriculture Economic Report Number 98, published in 1974. This
report divides the world's land for grain production about equally
between the developed and the developing countries. The developed
countries have had no increase in land area, but have had a 63 percent
increase in yield per ha over the past 20 years. During the same period
the developing countries have had a 32 percent increase in land area
for grain production and a 32 percent increase in yield per ha. These
data suggest to me that well over half of the increase in food produced
from 1950 to 1970 must be credited to the use of superior varieties,
more fertilizer, and improved technology, all of which increased yields
on existing cultivated land. I am pleased that Professor Buringh sees
increasing yields on existing cultivated land as a means of protecting
the environment.
Professor Buringh states that because the world's 4 billion ha of
grazing land contribute only 2 percent to total world food production,
they can be ignored in global models. The PSAC report concludes that
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that this grazing land could only provide "a few grams of animal pro-
tein per person per day for the estimated world population in the year
2000." Even though this may be true, I do not believe that animals
should be excluded from our plans to protect and improve the environ-
ment as we also strive to improve humanity's diet.
Converting plant foods (grains) to animal foods before they are fed
to people does reduce materially the number of people that can be fed.
But most of the earth's 4 billion ha of grazing land is too dry, too
rough, or too cold to grow food crops. These lands can feed people only
as people consume the animals that feed on the plants that grow there.
Straw and other crop wastes can feed animals that, in turn, can help
feed people even as they furnish draft power and fertilizer (dung and
urine) to grow crops and produce meat, milk, and fuel (dung) to cook
their food. Ruminants could produce substantial amounts of food for
people if they were fed only crop wastes and high-quality forages bred
to grow on land too rough for crop production. These forages, largely
grasses and legumes, as they produce food for people through
agriculture, could also control soil erosion, conserve water, greatly
reduce the sedimentation of rivers, lakes, and irrigation reservoirs, and
help to beautify the environment.
Replacing the native forages with well-fertilized improved cultivars
can increase the yields of forage and meat many times. The native
range of the southeastern United States, with an annual rainfall of 125
cm, produces about 13 kg/ha/yr of liveweight gain (LWG). Coastal
Bermuda-grass planted on the same land and fertilized with 224 kg/ha
of N plus adequate P and K can produce 650 kg/ha of LWG during the
warm season. A clover such as crimson or arrowleaf seeded on the
grass in the fall can add another 300 kg/ha of LWG during the winter
and spring. Thus the total animal production from such a pasture can
be 80 times the production of the native range.
In the People's Republic of China, silt washed from the hillsides and
carried in rivers to lakes and reservoirs threatens to seriously damage
and ultimately destroy the irrigation system so essential for her food
production. The soil on most of these hills could be stabilized if the
open vegetation growing there was replaced with good sod-forming
grasses such as Coastal and Coastcross-1 bermudagrass. If well fer-
tilized, these grasses could materially increase the production of scarce
meat.
I was delighted to learn last year that sprigs of Coastcross-1 ber-
mudagrass that we sent to Professor Lee in Canton, China were being
increased for experimental plantings on some of these hills. Is it too
much to dream that one day the hills of southeastern China will be
covered with a carpet of green grass that will beautify the environmentI
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asit protects the soil from erosion, reduces silt in the streams, and
feeds cattle that can supply meat, milk, cheese, butter, and ice cream
to enhance the Chinese diet? I don't think so.
Professor Buringh tells us that with "so much money spent for
military purposes, one can hardly imagine that no money could be
found to produce food for every human being in the world." I agree. It
would be a different world if the leaders of the world's governments
would also agree and act accordingly.
I am glad that Professor Buringh devoted the last section of his
paper to a consideration of breakthroughs. I believe they are tremen-
dously important. Most of the world's resources used to grow food are
limited because they are nonrenewable. Most cultivars used today
recover less than half the fertilizer used to grow them. I believe
cultivars that are more efficient in fertilizer use can and must be bred.
Professor Buringh tells us that of the land presently cultivated in
the world today, only 14 percent is irrigated. Of the 3.2 billion ha of
potentially cultivatable land, only 400 miffion (12.5 percent) are poten-
tially irrigable. Thus water will set the ceiling for potential crop yields
on most of the world's cropland. Increasing water use efficiency on
these lands should be one of the major objectives of agricultural
research. Breeding cultivars with greater drought tolerance that can
utilize water more efficiently offers one of the best solutions to this
problem. Coastal bermudagrass that yielded 6 times as much as com-
mon bermudagrass in a very dry season (twice as much in normal
years) is proof that it can be done.
New cultivars and technologies may first be used in rich countries,
but they can also help to solve the food problems in the poor countries.
New high-yielding semidwarf wheats with a package of recommended
production practices and the leadership of Norman Borlaug quadrupl-
ed wheat yields in Mexico in 20 years. I believe that significant
breakthroughs can help to increase food production anywhere in the
world if they can be introduced by people like Norman Borlaug and
Frank McGill. It requires the cooperation and support of research, ex-
tension, industry, government, the growers, and leaders like Borlaug
and McGill to get it done.
Professor Buringh said that "building up larger food reserves and
increasing foreign aid for agricultural development in the poor coun-
tries will be needed for many years to come." I agree. But I also know
it is difficult to help people without hurting them. I believe, therefore,
that food reserves should only be used for disaster relief and that aid
should be directed toward helping the poor countries increase food pro-
duction on their own lands. We must remember that we help people












rid." I agree. It
'S governments
L section of his
iey aretremen-
o grow food are
ars used today
hem. I believe
1 must be bred.
Ly cultivated in


















Again I must thank Professor Buringh for his stimulating and op-
timistic paper. I too am optimistic. Much can be done to increase food
production in the world. Professor Buringh emphasized the need for
both political will and political action. I believe the world need for food
today and certainly tomorrow demands the will and the action of
everyone who has a responsibility for feeding the world.
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Thesecond discussant has been labeled as the person who is
supposed to agree with the speaker or the first discussant.
In that capacity, one can arbitrate the differences, and if
necessary heal the wounds should they have led to fisticuffs. Or one
can attempt to provide a somewhat different perspective to the
material that has been brought forward, rehash it if necessary, fill up
allotted time, and then sit down.
I feel very fortunate sharing the programs with the two gentlemen
that have preceded me on the platform this morning. I think I'm a lit-
tle more inclined to agree with Dr. Burton and his position than I am
with that of Professor Buringh. Nevertheless, I am an optimist on
world food and the potential for the future. There is one note of caution
I would stress on this topic. Let's not make it look to be so very
automatic!
I got the impression this morning, listening to the previous
speakers, that things are just going to happen. For example, we are go-
ing to have more food. I would say that the automatic aspect we can
assume is that we are going to have more people! I would hope that
another automatic aspect is that we will have more longevity, a longer
life span for the people we have. I do not feel, however, that this is
quite so automatic. It is more problematical. In either case, more food
will be required.
As Dr. Burton has brought out, the crops we are raising today are
not the same crops that either our forefathers brought to this conti-
nent or that they found growing here. They have been altered exten-
sively by genetics, by management, and by various economic and
13.9140Alternatives for Growth
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engineering practices, and these alterations are extremely important.
The alteration process continues. While the alteration process con-
tinues, we at the same time are concerned with protecting a gene pooi
of wild gene sources of our economically important plants throughout
the world. Gene pools are important because they are the sources of
future genetic alterations which we recognize we will have to be able to
make in order to cope with changes in environment, pests, and prac-
tices.
Let me give you a case in point. When the Rockefeller Foundation
expanded their corn program in Guatamala, they entered into a coun-
try where corn was basically an open-pollinated crop. The Guatamalan
farmer went out and picked the best ears grown, and saved those for
the next harvest year. The farmers grew what was basically a wild crop
under cultivation. They got quite good yields. The Rockefeller Founda-
tion's program brought to them hybrid corn. As a result, yields in-
creased dramatically. And as a result of this, the farmers in turn
discarded native lines of corn. This is fine, except in the process of in-
advertently destroying the genetic lines maintained for so long, these
lines were lost for the future use of the plant breeder. And consequent-
ly there is a very real movement in the world today to search out
natural lines—genetic lines of important crops—and see to it that we
have them available for crop improvement. We just cannot go into a
factory and manufacture them.
I refer to something like this as the General Motors Syndrome—a
situation where agriculture is so very different from much of our
world. I am not picking on General Motors, but it does serve as an ex-
ample. General Motors can decide to make Chevrolets—a thousand dif-
ferent models and colors and combinations of accessories of Chevrolets
at a plant in Janesville, Wisconsin; or, if they see fit, they can decide to
stop making Chevrolets at the plant in Janesville, Wisconsin. They
can take the dies, they can move them to another plant—say Atlanta,
Georgia—and they can proceed after a startup period to turn out these
same Chevrolets. There is no need for continuity. They can start and
stop at will. But agriculture and our food supply is based on living
systems. It is essential that we have continuity. If you break the con-
tinuity, you lose it.
I might also add, too, that we must remember that agriculture—and
this refers to agricultural research—operates under certain con-
straints. I would like to express it this way. Engineers can have the
plans for a building that would ordinarily take 21 months to build.
They, however, can increase the amount of workers during construc-
tion, can go from one shift a day to two or three shifts a day, and
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now erected and available for occupancy within 12 or 13 months.
That's great! But no one has yet figured out a mechanism whereby a
cow can have a calf in less than 9 months! And this holds true for much
of what we are talking about. There are time restraints—biological
time restraints that are imposed upon our agriculture and our food
systems. These we cannot ignore.
I would say that Professor Buringh is more traveled, around the
world, than I am, and is more optimistic. I do not mean to say that I'm
a pessimist. I'm not that. I maintain that I think one of the points we
have to face is the point of how humanity perceives this whole food
issue. In this country we have basically a cheap food policy. Our readi.
ly available food supply and an absence of shortages has placed an
automatic concept into the food issue here so that we do not really feel
any food pressure. Looking down the road, I think we are inclined to
believe that massive infusions of money and personnel can accomplish
anything. If we need a satellite to orbit the earth in a short period of
time, we can put a massive program together and we can place a
satellite in orbit. And I don't really mean to downgrade this type of
achievement. It is fantastic, and the world admires us for it. But
within a biological constraint system, often it is not the quantity of the
magnitude of personnel, but it is the capability of that personnel to
function within the system that makes the results successful.
I would like to bring out one important point. We must protect our
quality of life and try to achieve it for others elsewhere for the future.
There are some major shifts that have taken place, especially in the
United States, that have potential for the world, and they have occur-
red very recently. Dr. Buringh pointed out that the United States ap-
peared to be at the point where there were a little over three million
horses in the country. However, their population is on the increase.
The 1975 figure is 6.7 million horses in this country. The unfortunate
part, however, is that these horses are not working for us. We are using
them as pleasure and companion animals. They are part of our pet syn-
drome. And so we have an increase in our companion animal popula-
tion competing with our food supply for domestic human use and for
potential exportation overseas.
We must also remember, too, that we have had a major increase in
longevity for people in this country, and we have a potential for an
even greater increase in longevity within the short life span of one, or
two at the most, generations. These people will want to eat daily.
The other point is that there are areas of the world where the popula-
tion pressure is very low. The country of Belize in Central America is a
case study. That is a country where the average population is four peo-
ple per square mile. The population is distributed basically one-third in142Alternatives for Growth
±
the capital city, one-third in small outlying villages, and one-third in
the rural country hacking out the jungle trying to produce food. Im-
agine a country with four people per square mile, and yet it imports 34
percent of its food supply! That is Belize today. Not a very productive
use of apparent resources.
Why is there not greater production? Partly it is because the type of
agriculture that could operate there, one that could eliminate the
jungle and increase production almost instantly, is the type of
agriculture that also requires a ready-made available market at a
price—and a country with only 150,000 people just does not have that
type of market to stimulate that type of agriculture. And so we get, in
the world of agriculture, country by country, a situation where there is
a need for incentives for people to produce—where they can do so at a
cost that would permit them to put their results of production on the
market, and have the essential resources to get the results of that pro-
duction to market.
I would remind you that the majority of the people of the world con-
tinue to live near the peripheral areas of the continents because of the
availability of the oceanic transports—ocean traffic and shipping. Yet,
if this world is to be one with only a few areas as the sources of our
surpluses, the ports for exportation may become clogged as the ship-
ping capacity is not there to move the food that must be moved in
world commerce. We have already seen this happen in the United
States with the food-laden barges backed up the Mississippi River try-
ing to get to the port of New Orleans to transfer their loads to ocean-
going vessels, which are likewise stacked up trying to load. The world
must expand its production locally to supply people where they are.
That's enough of the pessimistic side; I'm not a pessimist. Let us
look to other aspects; the optimistic side. Our topic is natural
resources. I feel there are natural resources which have not really been
covered in this symposium, and I think they are worthy of mention.
The first is new plant and animal resources. The animals and plants
we utilize for food production today have been domesticated by
humanity because they showed promise, and in turn did actually pro-
vide a return on the investment of time, labor, and capital. The net
result was favorable. Obviously, on this globe there are other plants
and animalssuitableforstudy and potentialdomestication.
Agricultural researchers can find these others if they seek them out.
We have active projects in progress right now looking for new plant
and animal resources. For example, I like to joke about the alligator.
My friends tell me that Halpin has the alligator syndrome. But I main-
tain that the alligator might be a very desirable animal to domesticate
and utilize for a food source. It tastes like chicken. The hide is
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desirable for shoes and other leather products. So here we have an
animal to which we could feed our garbage—garbage that in many
areas we are burying or we are burning, and a resource we are losing.
We could pass this garbage through an animal system and provide
food in a new form for people.
The second is new innovative animal feed systems. Dr. Burton
covered the area of forage crops. The figures I have for the United
States is that 81 percent of the calories consumed by the red meat in-
dustry today come from grasses and not from the fattening grains.
Most of the grass comes from land not suitable for row crops. Our use
of grasses will increase; it already has. It has already increased
because the time that beef animals are spending in the feed lot and be-
ing fed grain has been greatly reduced due to the high price of corn. It
is a basic market principle: as corn goes up and people resist the in-
creased price of red meat, then we move to more leaner and less expen-
sive grass-fattened beef. I think this is a step in the right direction,
because obviously our number one disease in this country is being
overweight. We do not need the fat that excess corn will add to it.
But there are other resources to be considered in animal feeding as
well. As a result of our animal production systems in this country, and
the types of systems being devioped elsewhere, our animals are pro-
ducing tremendous quantities of manure—animal waste. Now this is,
in the eyes of some people, a dirty topic. I maintain it is a unique and
valuable resource. It is a new type of resource, and one that is available
in concentration as a result of current agricultural management prac-
tices. And this new resource is natural in view of its background. Most
important, it has potential for increased food production.
In studies going out at the Alabama Agricultural Experiment Sta-
tion and elsewhere, agricultural scientists are studying various com-
binations of manures with grasses, corn stalks, and other non-human-
competitive food sources. Unique forms of silage are being developed.
The scientists are feeding our livestock these unique rations and ob-
taining meat supplies that are very, very adequate. Good-quality
economical beef is the result. This type of energy and nutrient cycling
permits the poultry industry to feed the grain to the chickens the first
time and remove a certain proportion of the diet; the chicken manure is
restructured into the ration for the steer. The initial food for poultry
helped create chicken meat, eggs, and later beef, as well. This may be
repugnant to you, but nevertheless it is a very natural process,
because animals have historically often consumed a certain amount of
manure in their daily living. Particularly is this true in the wild. Conse-
quently, we have a new resource.
We can carry this one step further. After we have obtained from this144Alternatives for Growth
resource the food energy it contains, and has been wasted in the past
on microorganisms and insects in the soil, we can pass the residue
through another process and make pressboard from it. What was
originally manure now is a component of the lumber trade, and as such
will conserve trees, another natural resource we must not remove ex-
cessively.
Or we can utilize the same process to make lumber out of sugar bag-
gasse, which is currently being burned. (Unfortunately, it is being
burned to create an energy source for the production of sugar through
the sugarcane manufacturing process.) Or we can even take the paper
out of the garbage and produce another type of paneling out of that
material. A wide variety of products can be developed, all useful.
Such imitation materials may not look very good when on the walls
of your house. Nevertheless, it can be used in the construction trade in
many places that only use lumber one time or where appearance is of
no importance. Obviously it will take paint or some other type of sur-
face coating such as the plastic types. New products can be the result
of new uses of unusual resources.
The third is unique biological resources in this world of plants.
Green plants represent a unique resource because of their photosyn-
thetic capacity. I think one of the hopeful things being worked on
through agricultural research is the concept of photosynthetic efficien-
cy in important crops. Agricultural scientists are literally making
food-producing plants more efficient in their use of sunlight. For exam-
ple, the leaf of the corn plant is basically horizontal. As such, it is ap-
proximately seven cells thick and literally thousands of cells long and
wide. The people of Illinois, through plant genetics, have restructured
the corn plant so that the leaves of these experimental plants are held
more perpendicular, more upright. The net result is that the rays of the
sun, instead of having only five effective cells to go through to be cap-
tured from a photosynthetic standpoint, now have thousands more.
Research results show an increase in the chance for capturing the
sunlight and improving its photosynthetic efficiency. Comparisons
with normal lines of corn demonstrate an increase of approximately 15
percent in these experimental lines over the conventional corn lines
from which they are derived. But there is a second improvement as
well. Because the leaves of these experimental corn plants are now
more upwardly inclined, and the plants require less space, you can
move the plants closer together and increase the number of plants per
acre. The real key to this was brought up in the symposium earlier. It's
not how many more acres we bring in production, but how much do we
produce per acre—that's what may really feed the world.
I do want to emphasize a fourth component of what both Dr. Bur-
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ingh and Dr. Burton have said. Modern agriculture provides a
mechanism to protect the environment. It consists of its efficient pro-
duction systems. Modern agriculture requires inputs from the
biological scientists, the horticulturists, agronomists, the physical
scientists such as soil science, the agricultural engineers, and from the
economists who work with the production and the movement to
markets. I do not think there is any place on earth where the "systems
approach" has been brought together quite so well as has been done in
American agriculture. It is important for us, therefore, to improve our
systems approach and study mechanisms whereby we can move these
systems into other countries. We must provide these other countries
with essential modifications, however, that will meet their needs, but
which are based on what we can show to be correct for their condition
and not necessarily for ours.
I might add that there are other parameters that I want to state one
more time before we leave. These must be considered. One is the reluc-
tance of many governments to properly support food and agricultural
research. Unfortunately, often in the underdeveloped countries of the
world the emphasis in food reseach has not been "food for the people"
of that country, but has been on export items—coffee, tea, cocoa, jute,
and the like. There are exceptions. (One of the pleasures of having been
with the Rockefeller Foundation Program is the realization that its
program philosophically gave a chance for countries to realize they
have needs at home and the opportunities they can develop there.)
There is a need to reduce distribution costs and improve food quality
in much of the world. This is not only from the standpoint of food itself
but from the energy utilized or the energy lost. Certainly there is a
need to be able to maintain the continuity of food production because
we are talking about people who must eat continuously throughout the
year in spite of the fact that agriculture historically, at least in the
temperate zone, has been a system based on planting once a
year—harvesting once a year—with intervening periods of either
growth and development or periods of no production. The tropics are
somewhat different, but as of yet we still do not have in the tropics a
good, continuous system whereby you plant every day and you
harvest every day. The tropics do have potential for coming close to
this, however, at least for some crops.
I think the most important question that must be raised is, How
much pressure should humanity put on this globe? It is actually finite
in size; we share it with other organisms, some of which are available
to us. If we are to speak of averages, as has been done throughout this
symposium, and seek increases on such potential averages, we must
remember that brief shortages can lead to malnutrition and death.r
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Andmy final point is that a low cost food policy may reduce incen- Part
tives to produce. If there is anything that agriculture needs, it's incen-
tives. We need to develop a philosophy of food from the standpoint of
its overall worth, coupled with the care of our important and available
resources. I hope, through research, we may develop means to acquire Der
suchincentives.
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